Mammary gland development begins in the embryo and continues throughout the reproductive life of 13 female mammals. Tissue macrophages (Mφs), dependent on signals from the Mφ colony stimulating 14 factor 1 receptor (CSF1R), have been shown to regulate the generation, regression and regeneration of 15 this organ, which is central for mammalian offspring survival. However, the distribution of Mφs in the 16 pre-and post-natal mammary gland, as it undergoes distinct phases of development and regression, is 17 unknown or has been inferred from immunostaining of thin tissue sections. Here, we used optical tissue 18 clearing and 3-dimensional imaging of mammary tissue obtained from Csf1r-EGFP mice. Whilst tissue 19
and tissue remodeling during post-lactational involution (Hughes et al., 2012; 50 O'Brien et al., 2010 50 O'Brien et al., , 2012 , with many of these processes being impaired in mice that lack colony 51 stimulating factor 1 (CSF1). Moreover, Mφs identified by fluorescence-activated cell sorting (FACS) 52 of disaggregated tissue were detected within the embryonic mammary gland by E16.5 and fetal-derived 53
Mφs were apparently retained and expanded by self-renewal in adult mammary tissue (Jäppinen et al., 54 2019 ).
Animal models.
Animal experimentation was carried out in accordance with the Australian Code 86 for the Care and Use of Animals for Scientific Purposes and the Queensland Animal Care and 87 Protection Act (2001) , with local animal ethics committee approval. Animals were housed in 88 individually-ventilated cages with a 12 h light/dark cycle. Food and water were available ad libitum. 89
Csf1r-EGFP (MacGreen) (Sasmono et al., 2003) mice were a kind gift from A/Prof Allison Pettit 90 (Mater Research Institute-UQ). Mice were maintained as hemizygotes on a C57BL6/J background. 91 C57BL6/J mice were obtained from the Animal Resources Centre (Western Australia). 92
To obtain mammary tissue during gestation, female mice were mated and tissue harvested 14.5 days-93 post-coitus. GFP + embryos (E14.5) were also harvested and analyzed after PCR-sexing. To obtain 94 tissue during lactation, female mice were mated, allowed to litter naturally and lactating mammary 95 tissue harvested on day 10 of lactation. For studies during involution, females were allowed to nurse 96 for 10 days and mammary glands harvested 96 h post forced involution. Mammary glands from pre-97 pubertal female GFP + mice (postnatal day 10) were also harvested and analyzed. 98 for 3 days before washing and blocking in goat serum (10%) in PBS with Triton-X-100 (0.5%) 103 overnight at 4°C. Tissue was incubated in primary antibody in blocking buffer for 4 days and secondary 104 antibody in blocking buffer for 2 days at 4°C. DAPI (5 µg/mL) treatment was performed for 2-3 h at 105 room temperature (omitted for second harmonic generation) and tissue was immersed in modified 106 Reagent 2 (Lloyd-Lewis et al., 2016) at 37°C for at least 24 h prior to imaging. 107
CUBIC-based tissue clearing and IHC.

Immunohistochemistry (FFPE slides)
. IHC on FFPE slides was performed as previously 108 described in detail . Wholemount immunostaining using anti-GFP antibody was 109 performed prior to processing for paraffin embedding. fluorescence immunostaining of tissue sections from mouse spleen confirmed that the majority of GFP + 135 cells were also positive for the Mφ cell surface marker, F4/80 ( Supplementary Fig. 2) . 136
In 3D image stacks of female Csf1r-EGFP embryos, Mφs were detected in the mammary and dermal 137 mesenchyme surrounding the mammary epithelial bud as early as E14.5 ( Fig. 1A and Supplementary  138   Fig. 3A ). As expected (Sasmono et al., 2003) , Mφs were also present in the embryonic liver at this 139 stage ( Fig. 1B) , and it has been suggested that these fetal liver-derived Mφs contribute extensively to 140 the pool of tissue Mφs present in the adult gland (Jäppinen et al., 2019) . Our data show that Mφs were 141 positioned adjacent to the embryonic mammary epithelium around the time of lineage segregation 142 (Lilja et al., 2018; Wuidart et al., 2018) . Interestingly, although Mφs were positioned around the 143 embryonic bud, they were rarely observed to directly interact with the developing epithelium of female 144 embryos ( Fig. 1A and Supplementary Fig. 3A) . In contrast, Mφs directly contacted and invaded the 145 mammary bud of male mice at E14.5, the developmental period when the male bud is severed from the overlying epidermis in mice and begins to regress (Fig. 1C-D and Supplementary Fig. 3B ) (Cowin 147 and Wysolmerski, 2010; Dunbar et al., 1999; Heuberger et al., 2006) . Mammary Mφs were also 148 observed in the early postnatal period in female mice ( Fig. 1E-F ). By this stage, however, Mφs were 149 positioned around and inside of this rudimentary structure, apparently interacting with the epithelium 150 ( Fig. 1E) . 3D imaging of mammary tissue from pubertal Csf1r-EGFP mice revealed that mammary TEBs were 162 enveloped by Mφs, with spatial clustering observed ( Fig. 2A and Supplementary Fig. 4A ). Previous 163 studies using the F4/80 marker indicated that Mφs were restricted to the neck of TEBs, whereas 164 eosinophils (distinguished by their eosinic cytoplasm and segmented nuclei) were concentrated at the 165 TEB head (Gouon-Evans et al., 2000, 2002) . By contrast, in this study GFP + Mφs in both locations 166 shared stellate morphology ( Fig. 2A and Supplementary Fig. 4A ) and neither showed any evidence 167 of segmented nuclei ( Supplementary Fig. 4A) . A small number of mammary Mφs were observed 168 inside the body of TEBs ( Fig. 2A) in the mammary gland were dense and multi-directional [ Fig. 2E (red) ], deeper collagen fibers 184 proximal to the growing TEB were aligned along its perimeter, extended in the direction of TEB growth 185 and were associated with Mφs ( Fig. 2E) . These data provide further evidence that mechanical forces 186 from the stroma guide epithelial development in the normal mammary gland ( Fig. 5 ) and side buds ( Fig. 3B and Supplementary Fig. 5A ). As in the pubertal 195 epithelium, Mφs were also positioned between the luminal and basal cell layers in mature ducts and 196 buds ( Fig. 3A-B and Supplementary Fig. 5B , arrowheads) with some evidence of periodicity in 197 intraepithelial Mφ placement ( Supplementary Fig. 5B ). This is consistent with regular distributions 198 of Mφs in many locations throughout the body (Hume et al., 2019b). SHG of mature ducts revealed 199 some fibrillar collagens that were located around the ducts and vessels (Supplementary Fig. 5C ). 200
Mφs surround alveolar units in gestation and lactation. Mφ deficient Csf1 op /Csf1 op female mice 201
have compromised fertility (Pollard et al., 1991) . Amongst those that do generate offspring, none are 202 able to nurture a full litter, despite normal maternal behaviors (Pollard and Hennighausen, 1994) . In-203 depth analyses of mammary tissue from pregnant and lactating Csf1 op /Csf1 op mice showed incomplete 204 branching and precocious alveolar development (Pollard and Hennighausen, 1994) Mφ localization around the expanding alveolar structures ( Fig. 4A and Supplementary Fig. 6 ). By 209 lactation, Mφs were observed immediately adjacent to alveolar basal cells, where they frequently 210 imitated basal cell morphology ( Fig. 4B-C , white arrowheads). Mφs were also present within 211 lactational alveoli (Fig. 4C, arrow) , consistent with their enrichment in breast milk (Field, 2005) . 212 were observed around and inside ducts and regressing alveoli ( Fig. 5A-B fibrillar collagens were observed with SHG in Csf1r-EGFP mice and GFP + Mφs were observed to be 231 associated with collagen fibrils (Fig. 5C) . 
The irreversible phase of involution is associated with an increase in
